An antimicrobial-surface kinetic test which maximizes probability of cell-tosurface contact has been developed. 
Recent publications from this laboratory (4, 13) described the creation of durable antimicrobial surfaces by the application of a cationic alkoxysilane, 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride, to a spectrum of surfaces. In contrast to other antimicrobial agents for which durable residual-surface treatments have been claimed (1, 8, 12) , the activity of the organosilicon-treated surface was not ascribed to slow-release, solution-active chemicals. Both radioisotope and bioassay procedures demonstrated that the agent was not released from the surface.
Standard methods for determining bactericidal activity of antimicrobial agents in terms of rate of kill per concentration of compound in solution are well established (2) . Similar methods for determining dose response relationships for active surfaces are not. Because of the apparent catalytic nature of substrate treated with the cationic alkoxysilane, i.e., because there is no consumption of the chemical during microbial kill, a procedure used to measure kinetics of chemical catalysts was modified in an attempt to obtain a sensitive method for determining rate of reaction and obtaining dose response curves for biologically active material. This communication describes the development and use of the method.
MATERIALS AND METHODS
Preparation of resting-cell suspension. Esche The surface activity rate of kill (-k) of Minu-sil treated with 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride was found to be a function of treated surface area, with loge bacterial cell reduction per minute increasing with increasing surface area ( Table  2) . By using a constant initial inoculum level (SO), one obtains a graded concentration effect of total treated surface area ( Fig. 2; Table 3 ).
Therefore, a statistically significant (P < 0.05) response (determined by Student's t test) which correlated well at each concentration level at similar times of exposure was achieved.
The relationship of response time to area of antimicrobial surface (dose) was determined from the data in Table 2 . The time (t) to kill 50% of the initial number of viable cells was calculated for each surface area (A). A sigmoid Inoculum control in 2 ml of physiological saline. Untreated control: lOui Min-u-sil, 50 cm2/ml. In the linear portion of the curve, A2Xt2 = A3Xt3 = A4Xt4 = 36.4. Therefore, 25fl Axt = K (con- Min-u-sil treated with 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride on the rate of reduction of viable E. coli B.
The expected non-linearity at low concentrations, typical of dose response curves, was not due to tolerance. Positive growth was obtained after subculturing exposed bacterial cells to fresh growth media. Isolates from this culture were transferred three consecutive times and retested against freshly treated Min-u-sil. Activity against this isolate did not significantly differ from that in the initial test; therefore, the decreased rate (-k) of less than 25 cm2/ml cannot be attributed to the development of resistance by E. coli B.
The decreased rate of kill could not be attributed to loss of treatment from the Min-u-sil. In separate experiments, Min-u-sil treated to the same level with '4C-labeled 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride showed no loss of radioactivity to solution after extensive mixing (up to 24 h) in the surface kinetic test.
The response rate in Fig. 3 , determined for increased amounts of Min-u-sil to confirm the function of limiting surface area per rate of kill, showed very little potentiation of activity above 100 cm2/ml at this inoculum level.
The ratio of viable to nonviable cells may alter adsorption-desorption kinetics and thus affect probability of contact with active sites as found in studies of conventional solution-active agents (6, 9) . Additional tests at varying concentrations (Table 4) showed that -k is affected by total bacterial cells per milliliter per square centimeter of surface area. At a constant surface area of treated Min-u-sil (50 cm2/ml), the rate of kill (-k) decreases with increasing concentration of initial bacterial inoculum. A preliminary standard curve (Fig. 4) was obtained from these data, indicating that the relationship can be described as the slope (im) when log S0 (cells per ml at zero time) is plotted against -k (rate of kill). In this range of So (1, Rain of Kill 4 4) per ml) which fits first-order kinetics. However, one must recognize that the effects of cell population noted above decree that the overall process must be described as second order. DISCUSSION The organosilicon compound 3-(trimethoxysilyl)propyldimethyloctadecyl ammonium chloride is capable of creating highly active antimicrobial surfaces when durably affixed to a variety of materials. Although the activity of these solid surfaces can be described in terms of quantal data, it should be recognized that the expression of death rates of microorganisms, which are exponential in character, cannot be adequately described in terms of percentage (10) .
The quantitative rate of kill observed when antimicrobial surfaces were incubated with resting-cell suspensions of E. coli B in a sealed rotating tube was found to be an exponential function when logeSt was plotted against time. (7) , the ideal method of control of microorganisms should involve creation on the exposed material surfaces of a persistent antibacterial potential (considerable effort has been expended on the development of such surfaces [3] ), methods for the accurate assessment of this activity are needed. The surface kinetic test method described above measures this antimicrobial potential.
